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Abstract This study was designed to examine and confhis class of drugs mimics many of the acute effects of
trast cognitive effects (explicit memory and access to s¢cohol and therefore was used as a pharmacological ma-
mantic knowledge) of the benzodiazepine Halcion (triHpulation in order to express underlying cognitive dif-
azolam) in ten normal volunteers and ten cognitively uierences between alcoholics and normal volunteers that
impaired detoxified alcoholics. The two groups were imight not be apparent under placebo conditions.
distinguishable from one another under placebo condi-The use of challenge paradigms for uncovering pa-
tions on all measures of cognitive functioning. Undénology has been one of the diagnostic strategies used in
Halcion test conditions (0.375 mg PO), both groups werknical medicine. The specific use of pharmacological
about equally impaired in their recall of to-be-remenchallenges in behavioral-cognitive research has only re-
bered information. However, alcoholics, were more likeently begun to be used (Weingartner 1985; Weingartner
ly to recall information that they were not asked to ret al. 1992a). For example, the acute administration of
member (intrusion errors) on all measures of explicit rerugs with selective cognitive effects has been proposed
membering. Alcoholics also generated relatively uncorms an experimental means of both uncovering impaired
mon (low frequency) responses from semantic memocggnitive processes that ordinarily are undetected and
rather than common, categorically related associationsrindeling cognitive impairments associated with differ-
response to stimuli such as types of vegetables, flowenst types of cognitive dysfunctions associated with neu-
and fruit following the administration of Halcion, butopsychiatric disorders (Molchan et al. 1992b; Weingart-
were not different from normal volunteers in the types nér et al. 1992a, 1993a). Three examples of this strategy
responses generated under placebo conditions. Thea®e 1) acute administration of benzodiazepines, such as
findings suggest that a drug challenge that simulateazolam, has been shown to result in selective memory
many of the effects of acute alcohol administration idifficulties, independent of sedative or motor effects, that
duces alcoholics to think and remember differenthgsemble those in amnestic disorders; 2) administration

(qualitatively) from normal volunteers. of anticholinergics to elderly normal volunteers results in
performance that resembles the cognitive profile found
Key words Triazolam - Cognitive effect - Alcor.al in Alzheimer’s disease (Curran and Birch 1991; Molchan

et al. 1992b; Hommer et al. 1993; Weingartner et al.

1993a); 3) individuals with histories of post-traumatic

Introduction stress disorder (PTSD) are much more likely to respond
with anxiety to a single administration of yohimbirfis-[

This study was designed to examine the cognitive effeatgagonist that stimulates norepinephrine release in the

of the benzodiazepine Halcion (triazolam) in normal vdbrain, a neurotransmitter postulated to be particularly

unteers and cognitively unimpaired detoxified alcoholicenportant in defining the stress response (Bremmer et al.

1997)].
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neurobiological effects that resemble the effects of acuoteadditional major health problems. The alcohol consumption

alcohol administration. While we anticipated that aIcBlzsfile was acso‘;os'{%"ga Lﬁegvgﬁrﬁsg Seores ége'zg{cgﬁgﬁ) vere

holics WQUId be less memory impaired than normal V‘gpﬁr!i’ng the 25/ months prior to thei?J admission togthe NIAAF,)A re- Y
unteers in response to the same challenge dose of a B&fich unit. Their lifetime estimated alcohol consumption was

zodiazepine (based on cross-tolerance of alcohol @1d+520 kg alcohol. Eight of the patients were cigarette smokers,
benzodiazepine), we predicted that, based upon prefieices ot 1o o 0 P e S weeke priar o paric:

ously pUb“Sheq findings (Welngartner. et. f:ll. 199 ation in the study and had not required benzodiagepinespfor de-
1996a), alcoholics would be less able to inhibit commigification. Furthermore, none reported using a benzodiazepine
sion errors in remembering (intrusions in recall) thaturing the last year.

normal volunteers.

Cognitive effects of triazolam were contrasted with,
those of placebo in these two groups, utilizing memory
paradigms previously used to evaluate differences ISebjects were orally administered placebo or 0.375 mg triazolam,
tween detoxified alcoholics and normal volunteers H#isa within-subjects double-blind crossover design. This dose of

e i ; : trigazolam has been shown previously to produce an acute, reliable,
well as cognitive deficits associated with other classes robust amnesia (failure in explicit but not implicit memory) in

drugs and clinical conditions (Weingartner et al. 19833?{&mal volunteers (Weingartner et al. 1991, 1992b). One hour af-
1993b, 1996; Molchan et al. 1992a) These procedut@sadministration, subjects (1) listened to a list of categorically re-
produced various measures of explicit remembering (clated words (e.g., types of vegetables), (2) self-generated exemp-

egorically related words) as well as access to semar'ﬁcgg.(.’f another category, and (3) listened to words and generated
additional exemplars of a third category. These tests are described

knowledge. . . in detail below. Two days later, subjects were administered the
Two sets of hypotheses were tested in this stugyme compound, and 1'h later, their memory for previously pre-

Firstly, we predicted that alcoholics are more likely tgented and self-generated categorically related words was tested.

demonstrate differences in how they think about ( ubjects also judged their level of sedation [using a standard, vali-

. . ated rating scale (Norris 1971)] at 0, 60, 90, and 120 min after
spond to) standard St_lr_null compared to normal volu ministration. After at least 1 week, the other compound was ad-
teers under drug conditions that simulate many of the ginistered twice, and an identical procedure was followed.
fects of alcohol but not under placebo conditions. That
is, we wanted to examine whether an alcohol-like dry:% nitive methods
might qualitatively alter how alcoholics think about stan- g
dard events in ways that differentiate them from normal memory tasks used in this study have been validated and stan-
volunteers. dardized in studies of normal volunteers and cognitively impaired

In addition, we postulated that under these same dr@ fients and in studies of the effects of various classes of psycho-

- . agtive drugs, including benzodiazepines, glutamatergic receptor
challenge conditions, alcoholics would demonstratea agonists, stimulants such as amphetamine, and cholinergics

failure in inhibitory cognitive functions that would bgweingartner et al. 1983a,b, 1992a,b, 1993b, 1996; Sunderland et
present in normal volunteers. al. 1987; Lister et al. 1991; Molchan et al. 1992b). The time to
complete the entire battery of memory tasks was 30 min.

perimental design

Materials and methods Explicit recall of structured (categorically related) words (task 1)

Subjects This task assessed the ability of subjects explicitly to recall (free
recall and recognition memory) categorically related stimuli. Sub-
Two groups (normal volunteers and detoxified alcoholics) of téects were read a list of 12 categorically related words at a 2-s rate.
subjects each participated in the study. One group was made uphsfse words are typical exemplars of categories such as vegeta-
normal volunteers (paid college student volunteers: mean year®les, fruit, and four-legged animals. Six of the 12 words were read
education 14.9+0.4 years; mean age 22.0+0.3; eight males and@wee, and six of the words were repeated after the presentation of
females). They were judged to be in good physical health on #ideast two other words. Subjects were instructed to listen to the
basis of extensive history and physical examination, and uriwerds and identify when a word was repeated by raising their
drug screens were negative; no-one reported use of benzodiaed. To accomplish this task, subjects had to be able to attend to
pines during the previous year. On the basis of the Structured Clire words as they were read and also hold them in working memo-
ical Interview (SCID) for DSM-III-R (Spitzer et al. 1990), no cur¥y for as long as 34 s. Two days later, subjects freely recalled these
rent neuropsychiatric disorder or mental illness was detected. Toadegorically related words and then were evaluated on ability to
of the normal volunteers were cigarette smokers. All subjects weggognize previously presented words from an equal number of
recruited only after the Institutional Review Board had reviewew®w equivalent category exemplars (distractor items). There was
and approved the protocol along with all informed consent dodig time limit on recalling or recognizing words.
mentation. All subjects were provided with detailed information
about the protocol before agreeing to participate in the study. ) ) )
Detoxified alcoholics were studied while on an intramural NRecall of self-generated and experimenter-provided categorically
AAA inpatient research unit. Seven of the alcoholics had an eali¢jated words (task 2)
onset form of their disease (abuse prior to age 25; three were late B )
onset patients, after 25 years of age). Their mean age WA$ second task was used as a measure of explicit memory (equiv-
35.1+3.0, and they had 12.0+0.6 years of education. The alcohélgnt words to the ones used in task 1) as well as source memory
sample consisted of seven males and three females. They did(identifying source of remembered knowledge). To identify the
have any other neuropsychiatric diagnosis apart from that of algeurce of remembered knowledge requires that subjects be able to
hol dependence on the basis of the SCID. Furthermore, aside feialuate, track, and monitor both acquisition and retrieval of infor-
their alcoholism, these patients were in good physical health wigation from memory. Subjects were read a list of six categorically



313

related words at a 2-s rate. These words were typical exemplartoofriazolam and placebo for all of the measures of cog-
categories such as vegetables, fruit, and four-legged animals e functioning assessed in this study. Findings are

always came from a different category than the one used in tas : : . ;
After hearing all of the words, subjects generated six additional .Sented in the following order; (1) comparison of alco-

category exemplars from the same category that had been redddcs and _norma| V0|Unte_er3 on all CanitiVe measures;
them. Two days later, subjects freely recalled all categorically (&) comparison of groups in terms of triazolam effects on

lated words, both self-generated words and words that were Lz%”dt remembering and sedation; (3) group differences

by the experimenter. They were also asked to identify the souy, _ _
of remembered information (whether the word was presented a: h respect to the types of category exemplars self-gen

stimulus or self-generated by the subject). erated under triazolam compared to placebo conditions.

Accessing semantic memory (category fluency) (task 3) Comparison of alcoholics and normal volunteers under

Subjects were also tested on a task that is commonly used topdaeebo test conditions on tests of explicit remembering
sess verbal fluency and the ability of subjects to access and make

use of semantic knowledge. Subjects were asked to generat ; Fo et :
categorically related words that belong to two closed categorie holics and normal volunteers were indistinguishable

information; such as fruit and vegetables. The order in which si2M one another on the three measures of explicit mem-
jects were asked to generate exemplars to the common categ@fysobtained using the procedures described above (see
of information such as fruits and vegetables was randomizggble 1 below). This was the case for both the number of

across subjects. Each word generated in response o the categapiqorically related words (1) freely recalled, (2) cor-
name fruits or vegetables was classified as either a common_ or !

high frequency exemplar (H), one of medium strength or modéfCtly recognized and (3) the number of presented and
ately frequent occurrence (M), or an uncommon, low frequengglf-generated related words recalled as well identified

response (L). The category norms of Battig and Montague 1968 to source (self-generated versus provided as a stimu-

were used to classify these responses. A common category ea@@-by the experimenter). Furthermore, the groups were

plar was defined as a word that occurs as a response in 20-250.qut ; ; ; _
of 500 subjects who produce a single word association to th different in term of the number of intrusions generat

category names. Typical common category exemplars incl/@@ at the time of remembering (See Fig. 1 below for a
words like apple, orange in response to fruit and carrot, potatssmmmary of these results). Likewise, the two groups of

response to vegetables. A medium strength association (M) isn%ﬁgeas were also not different from one another in the

that is generated by 2—-10 of 500 college students who respo _
to these category names with a single word response. Fruits s s of category exemplars that they generated from se

as blackberry, honeydew and vegetables such as mushroom BKaNtic memory under placebo conditions (see Fig. 2 be-
sweet potato are medium-strength responses. An uncommon, low). In fact, alcoholics were somewhat more likely to
frequency category exemplar was used to designate words th@herate a greater proportion of common rather than un-

were appropriate category exemplars but were generated bYcB?nmon responses under placebo conditions.
more than one of the 500 subjects that were tested in compiling

the category norms of Battig and Montague. Words categorized as

uncommon responses included kiwi and starfruit as types of fruit

and snow peas as a vegetable. This same classification schem@inag effects on explicit remembering and sedation
been previously used to track changes in semantic memory in ear-

ly-stage Alzheimer’s disease patients (Weingartner et al. 19930)A” subjects reported feeling sedated after triazolam
(F11g=84.6; P<0.00001), and this effect was somewhat

Results less pronounced in the alcoholics,F; (g4.05;
0.1>P>0.05). It has been shown previously that the seda-
Statistical analysis of results tive effects of triazolam do not account for its memory-

impairing effects (Curran and Birch 1991; Hommer et al.
Two- and three-factor repeated measures analysesl983). Judged sedative effects of triazolam were similar-
variance (ANOVA) were used to evaluate differences bg-not significantly correlated for any of the cognitive
tween normal volunteers and alcoholics in their responaeasures outlined below.

Table 1 Memory performance

of detoxified alcoholics and Task Detoxified alcoholics Normal volunteers
normal volunteers after acute (n=10) (=10)
dministrati f placeb
giagl)r;lelsnra on ot placebo or Placebo Triazolam Placebo Triazolam
Recall of 12 categorically 10.4 +0.4 6.9 +0.9 10.0 +0.3 7.3+0.6
related words
Recognition of 12 categorically 10.4 +0.4 6.9 +.8 10.0+0.4 7.3+0.6

related wordsO

Recall of six categorically 5.2+0.2 3.2+0.7 4.9 +0.5 3.4+0.8
related words presented
as stimuli and six
self-generated words belonging
to the same category
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Fig. 2 Types of associations (exemplars) that were generated in
response to superordinate category names in alcoholics and nor-
mal volunteers under placebo and triazolam test condititoys.
panetl number of common and uncommon category associations
generated by normal volunteers after administration of triazolam
and placeboBottom panel number of common and uncommon
category associations generated by alcoholics after administration
of triazolam and placet.o

Number of Intrusion

Detoxified alcoholics and normal volunteers recalled
fewer words in a free recall task following the adminis-
tration of triazolam, particularly for twice-presented
words €, ;g=7.85;P<0.01): after placebo, normal volun-
teers recalled 2.3+0.4 and alcoholics 3.1+0.6 words,
Fig. 1 Intrusions in remembering in alcoholics and normal voluwhile following triazolam, normal volunteers remem-
teers under placebo and triazolam test conditidop. panel tri- bered 0.6+0.3 and alcoholics 1.3+0.5 words; there was

azolam-dependent intrusions in free recall of experimenter-pigy significant aroup effect or group by drug effect. Fol-
sented wordsMiddle panel triazolam-dependent intrusions in 9 group group by g

recognition memory (false positives) of experimenter-presentléyvm.g trlazo_lam treatment, both groups demqnstrated an
words. Lower panel triazolam-dependent intrusions in free recalfmpairment in the accuracy of their recognition perfor-
of both self-generated and experimenter-presented 'iords mance as measured by asignal-detection analysis;

Alcoholics Normal volunteers
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1g=36.8; P<0.0001). There were no statistical reliable 101
group differences or group by drug interactions. Subjects

were less able to recognize previously presented words

correctly €, 1g59.04,P<0.0001): after placebo, normal & & 87
volunteers recognized 10.0+0.3 and alcoholics 10. 4+0_g1-‘§
of previously presented words, but following triazolamea §
this was reduced to 7.3x0.6 in normal volunteers angl'g
6.94£0.9 in alcoholics, with no group effect or group bys

=]

drug effect. However, false alarm rates in the two groups &
following triazolam administration were quite different® g
as described in the section below. Free recall of worc&: 4
presented or self-generated in the source-monitoring ta&”k:a
was equally impaired in both groups after trlazolanﬁ
(F11g716.28;P<0.0001), with no group by drug effect. mm
Both groups recalled more self-generated words thahd 2
similar words presented by the experimenter
(F11g195.77; P<0.0001): normal volunteers recalled
1.6+£0.4 experimenter-presented words and 4.9+0.5 self-

ose generat

generated words after placebo and 0.4+0.2 experimenter- Placebo Drug
presented words and 3.4+0.8 self-generated words fol- B Normal volunteers
lowing triazolam; alcoholics recalled 1.5+0.4 experi- Detoxified alcoholics

menter-presented words - and 5'21_0'.2 Self'generaﬁéj 3 Number of associative responses generated on day 2 that
words after placebo and 1.2+0.4 experimenter-presenfeslihe same as those that were generated on day 1 in normal vol-
words and 3.2+0.7 self-generated words following tninteers and alcoholics under placebo and drug (triazolam) condi-

azolam. tions
In summary, both groups freely recalled fewer cate-
gorically-related words following the administration of
triazolam (Table 1). Similarly, when subjects were askaw words not heard previously) in free recall and were
if they recognized previously presented words, they @&so more likely to say that a word that had never been
membered fewer of them following the administration giesented before was a previously presented stimulus in
triazolam, and the size of this effect was similar in tiiests of recognition memory after triazolam (see Fig. 1
two groups. Both groups recalled more self-generatglove).
words than those belonging to the same category that
were presented by the experimenter, and there was a re-
duction in recall of both sets of words after triazolam. kccessing semantic memory
addition, both groups were also equivalently impaired in
identifying the source of remembered information, i.éAJcoholics generated proportionally more uncommon
whether a remembered word was self-generated or pruords to an experimenter defined category than normal
vided by the experimenter. The proportion of words theplunteers after an acute administration of triazolam,
were correctly identified as to source for normal volufgroup by drug treatment interactionF;(g4.55;
teers was 0.94+0.05 after placebo conditions aRd0.05), and this effect was equally apparent on both
0.63+0.14 after triazolam, while alcoholics identified th@ay 1 and day 2F ,4=0.62;P>0.1). A parallel analysis
source correctly 0.87+0.04 after placebo and 0.54+04fithe number of common words generated following the
after triazolam. administration of triazolam, supported this same inter-
pretation F;,+4.88; P<0.05). Under placebo condi-
tions, alcoholics were not different from normal volun-
Intrusion errors in remembering under drug conditions teers in the number of uncommon responses generated,
with a trend towards producing more rather than less
Alcoholics made more errors than normal volunteers dgammon responses. That is, alcoholics, unlike normal
remembering following the administration of triazolamvolunteers, thought differently about categories of
This was apparent in the number of intrusions generake@wledge after the administration of triazolam, com-
in free recall of categorically related words (16.51; pared to placebo, as demonstrated by an increase in the
P<0.001); in recognition memory (false positives) of camumber of uncommon word associations that were gen-
egorically related WordsF(l 1512.86;P<0.001); and the erated in response to category names (Fig. 2a and b).
number of intrusions in free recall of both self-generat8dth groups were far less likely to generate the same as-
and experimenter-presented words {g=4.23 P<0.05). sociations on day 2 compared to day 1 under triazolam,
That is, although alcoholics recalled and recognized casnpared to placebo conditions, (38.30;P<0.0001
many words as normal volunteers after placebo, th&ith no group by treatment eﬁecFl(lg-l 12 P>0.1;
were more likely to generate intrusion errors (rememband these findings are summarized in Fig. 3 above).
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Discussion semble alcohol, otherwise healthy detoxified alcoholics
demonstrate substantial changes in how they think about
The findings described above, in general, confirm the lgpmmonplace types of stimuli. Access to what is in
potheses that were to be tested in this study. Followkmgpwledge memory is triazolam state-dependent, but not
the administration of triazolam, subjects in both groupsnormal volunteers. Change in the types of associations
reported being sedated and demonstrated impairmentthat come to mind in accessing what we know is likely to
explicit remembering. However, unlike normal volunbe reflected in how subjects, i.e., alcoholics, think about
teers, detoxified alcoholics were consistently more likend respond to events around them. The observed effects
to generate intrusions in both free recall and in recogaie not secondary to a generalized impairment in cogni-
tion memory. Furthermore, the kinds of categorically réive effectiveness, i.e., alterations in learning, memory
lated responses to category names generated by alcohnd attention. In addition, these alcoholics were less able
ics under triazolam conditions were qualitatively diffeto inhibit intrusions (a reflective cognitive function) after
ent those generated under placebo conditions. Thtgezolam administration. This latter finding substantiates
findings are particularly meaningful, since alcoholidhiose obtained in a previous study wherein impairments
were indistinguishable from controls in terms of all ag reflective cognitive operations were observed in un-
pects of their cognitive performance under placebo cdreated detoxified alcoholics who also expressed associ-
ditions. This was the case despite the fact that the algted impairments in memory source monitoring. These
holics were somewhat older than the normal controlssfiecific impairments were associated with decreased
should also be pointed out that, based upon normaiiecose utilization in left prefrontal and left anterior tem-
validation studies, this age difference and age rangep@al lobes (Weingartner et al. 1994, 1996). The func-
not associated with alterations in cognitive performantenal and neurobiological mechanisms that define re-
with the battery of tests used in this study. They weditective functions has begun to be characterized in nor-
neither different on measures of explicit rememberimgal volunteers as well as in cognitively impaired pa-
nor on how they responded associatively, in terms t@nts (Shallice 1982; Stuss and Benson 1986; Moscov-
what they could retrieve from their knowledge base, itch 1989; Petrides 1989; Cummings 1993; Patterson and
response to stimuli in the form of category names. TihNewman 1993) and may play an important role in main-
is consistent with other findings demonstrating thtdining patterns of alcohol abuse. Impairments in reflec-
while alcoholics often demonstrate broadly defined atide functions and related cognitive functions have also
substantial cognitive deficits in the early phases of aldaeen postulated to be particularly important as a risk fac-
hol withdrawal those deficits are dramatically attenuatéar for the development of alcoholism (Cloninger 1987;
weeks later although subtle deficits may remain (Eckafditancola et al. 1993, 1996; Begleiter and Porjesz 1990;
et al. 1980). The findings also demonstrate the potentiéss and Kirisci 1995).
value of pharmacological challenges in uncovering andThe findings presented here are obviously quite limit-
elucidating the cognitive features of alcohol-related deéie in their scope. It is therefore appropriate to limit the
cits. theoretical and practical implications and interpretations
It was not surprising that triazolam impaired martpat can be drawn from a few findings from relatively
facets of learning and remembering. In addition, as d&w subjects. Nevertheless, we would point out the value
pected, alcoholics demonstrated a blunted drug-induecddexploring not merely how well subject learn, remem-
memory deficit. Despite the fact that alcoholics weleer, attend under differing conditions but also alterations
somewhat less sensitive to the memory-impairing effedts“cognitive styles” such as their ability to reflect on
of triazolam, they nevertheless produced far more intperformance and inhibit errors in remembering, and the
sions in recalling to-be-remembered information arkihds of idea units to come to mind in responding to
were also more likely to think of more unusual, lotheir immediate environment (as captured here in the
probability, word responses in accessing semantypes of associations generated to category names). Dif-
knowledge. These findings are meaningful in sevefarences in cognitive performance and cognitive styles
ways. First, it is often of value to examine cognitive #Sternberg and Grigorenko 1997) between normal volun-
well as other deficits in a clinical population under coteers and some patient populations can be of value in fur-
ditions that potentially exacerbate symptoms. For exathering our understanding of underlying mechanisms that
ple, the use of pharmacological challenges paradigmsniportant in the development and maintenance of psy-
the study of neuropsychiatric disorders has proven usefibpathology. Drug challenges can be useful in unmask-
in normal aging in contrast to early-stage Alzheimerisg the features of that cognitive picture.
disease, PTSD, and individuals at risk for developing al-
coholism In the present study, it is only under the triazo-
lam-challenge condition that it is possible to observe at
terations in two facets of the cognitive functioning of aiteferences

coholics (the ability to inhibit intrusions and the types of . .
exemplars that are generated from superordinate cate§es \C/\gte'\g%rr‘itjguJ '\é)(%%es?cﬁ;tﬁ,lg:r%gr;oggi_fgg verbal items in

Fies of knowledge) that are indices of cognitive functioBegleiter H, Porjesz B (1990) Neuroelectric processes in individu-
ing. In the presence of triazolam, whose acute effects re-als at risk for alcoholism. Alcohol Alcohol 25:251-256
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